Glaucoma care has evolved dramatically over the past generation, with changes that have incorporated new technology and improved understanding of the disease process. A major need is to construct a useful definition of glaucomatous optic neuropathy that can be used to compare data across clinical research studies. The treatment of glaucoma should now be based on achievement of a goal target for intraocular pressure, unique to each patient. Adherence with eye drop treatment is far from ideal and can be improved using reminder systems. Sustained delivery of glaucoma medication is on the horizon. New surgical approaches to glaucoma are being actively studied but have not as yet found their place in its care, with rigorous testing against present treatments needed.
Introduction
This perspective on glaucoma care will point to important, evidence-based diagnostic and therapeutic methods in glaucoma care. In each discussion area, I will highlight future needs and developing conceptual improvements. As is true in many aspects of modern life, the developments include the application of innovative technology to known problems that physicians and patients face in mitigating the effects of glaucoma.
It is time for an improved definition of glaucoma
In defining our problems and their solutions for glaucoma, a first step is the definition of the disease itself. One commonly reads in published literature on glaucoma that subjects were defined as having glaucoma because they had "characteristic optic disc and visual field defects as judged by a glaucoma expert." This definition is overtly subjective and patently impossible to compare across studies, leaving us unable to know if we are studying persons with the same disease. In 2002, a more objective and reproducible definition of glaucomatous optic neuropathy (GON) was proposed for use in population-based prevalence surveys [1] . The method was based on the cup-to-disc ratio and automated visual field test result. In addition, terminology related to the levels of angle closure disease were included. Since then, this initial consensus definition has been cited in the peerreviewed literature 1,350 times, comprising 10% of all articles dealing with glaucoma in the past 15 years. Clearly, there was a need served by this definitional structure in standardizing the interchange of ideas in glaucoma research.
It is now time, however, to move beyond this initial definition, as we have improved imaging technology to quantify the state of retinal ganglion cells and their axons. To develop such a definition of GON, an on-line discussion among glaucoma specialists worldwide used a Delphi methodology [2] -a series of discussion and conclusion sessions leading to an on-line survey that reached several initial conclusions about a definitional structure for GON. There was a consensus that GON could be defined by a combination of abnormality in optical coherence tomography (OCT) imaging and automated visual field testing if the locations "match" (e.g.-, an upper field defect matching a lower OCT defect). The group did not feel that any intraocular pressure (IOP) level should be stated as part of the definition. Finally, a clinical exam of the optic disc and retina were felt to be needed to rule out non-glaucoma causes of the test findings. The validation of such a new definition is now underway. This effort is not intended to define clinical entities falling under the term glaucoma, nor is it intended to denote which eyes merit IOP-lowering therapy, nor to provide public policy coding descriptions for national systems that determine reimbursement for care. Rather, the approach is only to provide a definitional basis for comparison between clinical research studies. Hopefully, consensus can be reached on a useful set of parameters for an objective GON definition.
Improved diagnosis and medical treatment will be more important than new surgery I propose that improvements in diagnostic accuracy and prediction of the future course of glaucoma will have greater impact in glaucoma care than will newer forms of surgery. New developments in ophthalmic surgery have always generated appropriate attention, though the steps and mis-steps in their maturing have been equally dramatic. Phacoemulsification, combined with intraocular lens implantation, may stand as the greatest advance in eye care in the 20th century. Its impact on improved visual function and lower complication rates brought worldwide improvement in visual function over previous cataract surgical methods. However, there were generations of lens implants placed in the anterior chamber or fixated to the iris that were dangerous to the eye and were abandoned after having detrimental effects. The collateral damage of innovation should be minimized by the use of planned and controlled observations in the early stage of new developments Glaucoma surgical innovation is vitally needed and interest in this area may provide alternative treatment approaches; however, the vast majority of glaucoma patients are now [3] and will be into the foreseeable future cared for by nonsurgical monitoring and treatments. Likewise, selective laser trabeculoplasty, while popular, has not significantly decreased the proportion of persons being treated medically or surgically for glaucoma. In fact, eye drop treatment remains the IOPlowering therapy for most of those with open angle glaucoma (OAG) and for post-iridotomy eyes with angle closure that merit treatment. Issues that need improvement in medical therapy are dominant issues in our practices. The two greatest issues here are: how much should IOP be lowered, and how can we defeat the poor adherence with eye drop use that is so prevalent.
Kill the magic number
We have so far failed to eliminate the incorrect notion that the IOP value 21 mm Hg is meaningful or represents a benchmark for treatment. For 50 years, it has been known that the majority of European-and African-derived persons with OAG have untreated IOP in the range found in their non-glaucoma populations [4] . In some regions of the world (Japan in particular) [5] , three fourth or more of those with OAG have IOP in the same range as those who do not have OAG. Yet, studies of clinical behavior in the United States show that ophthalmologists continue to act as if "normalizing" the IOP is meaningful as a treatment goal. In this century, we must realize that the untreated, baseline IOP that is associated with development of GON must be determined in each person and each eye and a reasonable target lowering set and achieved. These facts are independent of the whole issue of central corneal thickness (CCT) and its effect on tonometric IOP measurement. While those with thinner CCT are probably at greater risk to develop GON and to progressively worsen, the absolute IOP is essentially irrelevant. We should not care if the baseline IOP is 30, 20, or 10 mm Hg, as we will use whatever is the baseline to set a target lowering. James Brandt, who identified the fact that thinner CCT is a glaucoma risk factor [6] , has urged us NOT to "correct" the IOP [7] .
The baseline and target approach
Once we accept the idea that the baseline IOP needs to be assessed, we should avoid beginning therapy on the first visit. To estimate baseline effectively, we must make at least three visits to measure IOP. The average glaucoma patient is treated for two decades [8] . Do we truly wish to base that entire process on one initial IOP value when we know how it can vary from day to day? After the initial discussion about whether to lower IOP with drops, laser angle treatment, or operation, schedule another visit soon with no treatment, and then a third visit. After three measurements to determine a baseline IOP, a unilateral treatment trial of drops can start (or laser angle treatment or surgery be performed). In this way, at least we have three IOP measurements to provide an average baseline value.
Since OAG occurs at any level of IOP, the acceptable amount of IOP lowering needs to be set as the medium term goal for therapy [9] . What we and our patients care about most is their visual function, but that changes only over years in many typical OAG patients, so we need a benchmark for how treatment is succeeding in short and medium time periods. Thus we follow a goal or target IOP. Clearly, if the baseline is 20 mm Hg and eye drop lead to a fall to 18 mm Hg, the effect is too minimal. The goal in the Ocular Hypertension Treatment study was to lower glaucoma suspects by 20% and <21 mm Hg [10] , which is a reasonable initial target range for many early OAG eyes. However, the target range was tailored to the degree of glaucoma injury in the Collaborative Initial Glaucoma Treatment Study, extending to 40% lowering for those with severe damage at baseline [11] . The rationale was that there is a greater consequence of further vision loss in those who already have significant injury; hence, a more aggressive target is appropriate.
I believe that starting eye drops in one eye at a time (a unilateral treatment trial) has many advantages. In treating only one eye, the fellow eye can be used as a control for both effectiveness and side effects. While the value of unilateral trials has been both questioned and championed, sometimes by the same author [12] , the chief criticism was that two eyes do not perfectly mimic each other in their variability. While not perfectly in synchrony, the correlation between eyes is quite good in their variation up or down over short intervals. Furthermore, two visits in close proximity under unilateral treatment give an excellent idea of the true lowering that is occurring in the treated eye compared to its fellow.
Since the advent of accurate tonometry in the 1950s, we have been aware that our sampling of IOP is far too infrequent-often only 2-4 measurements for a whole year. In internal medicine, devices have been developed to allow patients to sample their blood pressures or their blood sugars daily or even more frequently. Some such devices share the data through the cell phone system to the doctor's office to provide real-time surveillance. In ophthalmology, three areas of IOP frequent monitoring are either in use or in development. The Triggerfish device is a contact lens worn for 24 h at a time that samples the strain at the limbus each 5 min, sending a signal to a bandage attached to the face and thence to a computer interface. This provides a measure of variation related to IOP that has been linked to the likelihood of progressive change in visual field [13] . It is not practical to wear the device for extended periods, and its exact calibration against IOP level has not been confirmed. Tonometry performed by a family member at home was suggested by Jensen and Maumenee with Schiotz tonometry [14] and has become much more practical with the development of the ICare Home tonometer [15] , recently approved by the U.S.F.D.A. While prototypes of an even more powerful tool have been developed, full implementation of an intraocular tonometric sensor that records and transmits IOP in real time awaits development as part of intraocular lens implants placed during cataract surgery. This step would, for the first time, permit large-scale measurement and understanding of the role of IOP in glaucoma. Furthermore, it is easy to see how patients could be kept informed of deviations from the safe range of IOP, including those due to poor adherence with therapy. The software associated with such a device could be monitored in the physician's office by automated systems that detect periods of unsafe IOP.
Improved adherence by cell phone
The need for ongoing monitoring of IOP control is evidenced by the overwhelming evidence that many patients are poorly adherent with eye drop medication for glaucoma. While patients believe that they are taking 95% of their eye drops, actual electronic monitoring shows that even under ideal conditions they take only 70% [16] . That figure was derived from clinical research studies during which patients knew that they were being monitored and were given medication to use. In the real world, it is likely that the average patient is taking only half of their topical medication. The characteristics of those who are least adherent have been delineated. They are the younger and the older patients among OAG subjects, they are more likely to know little about glaucoma except what they are told in the office, and they tend not to believe that the medication is going to prevent vision loss. A single question that identifies the less adherent is: "I know how hard it is to remember taking medicine every day. Do you think in the last 2 weeks you might have missed taking drops even once or twice?" Poor adherence is so widespread that we have studied what interventions could improve this situation. Among several approaches, the most effective was to use cell-phone-based reminders [17] . There are now free phone "aps" that can give audible alarms to assist patients in remembering their drops. Another approach is an eye drop bottle holder that records squeezing of the bottle and send ongoing patient behavior immediately via the cell phone system to central servers. Again, this could provide immediate feedback to both doctor and patient of inadequate adherence.
Sustained delivery is an answer
A more effective approach to local IOP-lowering therapy is sustained delivery of drugs. A variety of approaches to this area are being tried, including reservoirs attached to the eye, punctal plugs containing medication [18] , rings worn on the eye surface that elute drug [19] , and depot delivery of medication into the anterior chamber [20] or under the conjunctiva [21] . Some of these are approaching approval for general use, while others are still in animal or early human trials. If patients take only half of their eye drops, then an effective sustained delivery of medication needs to be half as effective at IOP lowering to be noninferior to drops. Continuous drug delivery is more likely to eliminate fluctuations in IOP that are believed to augment glaucoma damage. Further, there is almost surely lower toxicity, as the preservatives that cause such ocular damage are not needed in most sustained delivery methods. And, the continuous delivery of very low doses of drug would be expected to have fewer general side effects than the massive overdosing and run-off into the nasal mucosa that occurs with eye drops. Microparticles containing standard eye medications have recently been shown to prevent glaucoma damage in animal models with only one delivery subconjunctivally [22] . For the average glaucoma patient, whose disease requires treatment for 20 years, injections or sustained delivery devices would need to be applied about 40 times (i.e., every 6 months for 2 decades). These must have essentially no side effects nor any long-term detrimental effects on the eye or person to be a general replacement for drops. This is an attainable goal but must be equally or more cost effective than existing drop treatments.
Retaining the lost sheep
In performing large-scale identification of those with eye disease in the community, it became evident that the best single question to use in finding a person with glaucoma among senior citizens in Baltimore was to ask: "Have you been told you have glaucoma and dropped out of care?" [23] Indeed, among Americans prescribed initial medication for glaucoma, 23% never filled the second prescription [24] , and by the end of 1 year after entry into a free glaucoma management program, 50% of persons had stopped coming. Present glaucoma care is a revolving door that needs to stop. Most evaluations of glaucoma screening programs have concluded that it is simply not a cost effective endeavor. In fact, there are thousands of undiagnosed persons with glaucoma who we could call on the telephone at much lower cost. They are the first degree relatives of existing glaucoma patients. Given the high rate of glaucoma among family members of those with OAG and angle closure glaucoma [25] , we called 300 family members of our glaucoma patients to see if they were under observation or care. While most reported that they had had an eye exam within the last year, more than half did not recognize a visual field test when we asked if they had had an exam with a light flashing in a bowl-shaped device and pressed on a button. This suggests that even these high-risk persons are not undergoing annual surveillance that would protect them if they develop the disease. We need to utilize the strengths of on-line databases and social media to assemble and maintain listings from our patients of their family members and to "bug" them to keep up with examinations. Even more important, each office or care organization must assure that persons already diagnosed with glaucoma remain under care. When they drop off the system, we need to identify what factors led to this and to correct them.
Painless glaucoma visits
Clearly, the need to take many hours off from work or leisure to come for examinations for glaucoma care is a serious barrier to effective management. It would be important to modify present exam approaches to make testing and communication easier for patients (and physicians). Ignoring for the moment the issues of how some countries or insurance systems reimburse for care, let us imagine what could be done immediately to develop efficient systems that do a better job for monitoring. Much of the time "wasted" in care is travel to the doctor's office, which is often in a central city with costs of transport and parking. The major tests that we need for patient monitoring are IOP measurement, optic disc/nerve fiber layer/retinal imaging, and visual field testing. Test facilities could be set up in multiple locations throughout a metropolitan area in partnership with optical shops, pharmacies, and other medical offices. It has been previously shown that experienced patients can perform visual field testing with minimal oversight [26] . We recently showed how straightforward it is to carry out OCT imaging in non-standard locations with modest technical training [27] . Patients can be given the option to learn the outcome of their testing by text or email, or to have a Skype or Facetime discussion with the physician, or when appropriate to have a face-to-face meeting to discuss findings with actual physician examination.
Doing the right spacing of visual field testing
Glaucoma testing has most often been conducted by annual exams with photos/images and with visual fields. Recent large database analysis shows that the vast majority of OAG patients who are under therapy by standard approaches are stable or at the least are worsening at very minimal rates [28] . By contrast, a small proportion are losing function at catastrophically greater rates. The "one size fits all" approach to the initial monitoring of glaucoma patients is inadequate. Even for the more rapidly progressive OAG eyes, testing at once per year means that it will take 5-6 years to determine that the patient is worse [29] -and by then the eye will have lost 10 decibels in mean deviation (a diminution of sensitivity to 10 times worse than normal). A simple solution is to perform 4-6 field tests in the first 18 months of care. Doing so will identify the catastrophic few, who can then undergo more aggressive treatment, while permitting the remaining vast majority to drop back to annual examinations. Even more important would be to improve the overall quality and experience of field testing. The recent development of the IMO instrument by Matsumoto et al. is a potential step in that direction [30] . This device, whose basic test paradigm is similar to present techniques, is a head-mounted display that eliminates the physical conformational issues that confront many older subjects. It requires no patching as the display is shown to both eyes without the subjects awareness of which screen is being illuminated. Eye tracking provides no need to hold the eye still during tests. Even further improvements are needed to find and monitor glaucoma damage. Different targets that specify damage better are needed. Some argue for more testing in the central visual field [31] . And, shorter test times would be welcomed by all.
Reversible nerve damage
OCT imaging has been the greatest improvement in glaucoma diagnosis during the past 20 years, permitting quantification of nerve loss to supplement our quantitative information on functional damage [32] . The changes in the optic disc rim are a combination of both physical configuration changes in connective tissues of the nerve head as well as loss of nerve fibers in the rim. As a result, we have moved to the peripapillary nerve fiber layer and the macular retinal thickness to assess stability. The imaging of blood vessels, called OCT-A, has sparked much interest, but unfortunately this is not a measure of nutritional blood flow but only of the visible presence of the vasculature. While it gives similar information to fluorescein angiography and does so more quickly and safely, studies of OCT-A findings in glaucoma need to be specified as either a preceding cause of nerve loss or more likely as a simple consequence of neural atrophy with secondary capillary downregulation. Ultimately, however, we look toward a biomarker that shows one or more additional features. These would be either an indication of the susceptibility of the posterior eye to glaucoma damage or, even more importantly, a reversible sign of ganglion cell injury prior to cell death. The latter has been the goal of an effort to label dying ganglion cells with annexin V, but it is likely that so few cells are actually dying at any one time and the death process proceeds so rapidly that this will not be the answer [33] . Signaling of axon injury back to the cell body is now known to be carried by the proteins of the kinase systems, particularly dual leucine zipper kinase [34] . We will benefit from the ability to identify the activation of transcription factors or early events in the injury cascade. Such a method would greatly enhance our ability to carry out neuroprotection studies in glaucoma, much as the OCT-based measurement of retinal thickness did for the intravitreal treatments so common now for macular disease.
A second aspect of biomarker identification is to determine methods that show susceptibility to glaucoma injury. Using present OCT imaging of the optic nerve head, we and others have shown that the flexibility of the lamina cribrosa can be measured by imaging at two different IOPs. At a simple level, the anterior border of the lamina is easily seen and now can be detected in an automated algorithm without laborious human marking [35] . Remarkably, if one measures the lamina border after increasing IOP, the expected movement out of the eye (in response to the translaminar pressure gradient) happens in some eyes, but in others the lamina goes the "wrong" way-into the eye at higher IOP. By analyzing which eyes do which movement, we have shown that eyes with early glaucoma, in which stiffening of the peripapillary sclera has not yet occurred, have a widening of the nerve head that pulls the lamina back into the eye at higher IOP. Thus both the amount of movement and its direction are expressions of the state of the nerve head tissues at the heart of glaucoma damage. Further developments in nerve head biomechanics and longitudinal studies that demonstrate their predictive value will be important next steps.
The Emperor's new surgeries
The search for improvements in glaucoma surgery that occurred in each of the past few decades have accelerated recently. The major new procedures included: in the 1970s, trabeculectomy; in the 1980s tube shunt surgery; and after 2000 the trabectome and Express shunt surgery. The first two have established value and have stood the test of time for eyes failing on medical and laser angle treatment. In the past 15 years, many devices and approaches have been touted, but most have not been objectively or fully evaluated in trials against trabeculectomy. This is despite the claims that these procedures are better or safer. Surgery that is called minimally invasive often has more invasive steps than either trabeculectomy or tube surgery, if one considers entry to the eye for extended periods during viscocanalostomy, 360 degree angle surgery, trabectome, or supraciliary shunt devices. Some devices simply add cost to cataract surgery with no compensatory benefit. Others (IStent) were approved for use in the U.S. with phacoemulsification, but by 2 years postoperatively are not significantly better than phacoemulsification alone. It can be argued that phacoemulsification itself is better than most minimally invasive glaucoma surgeries, giving those with early glaucoma injury a reduction in ocular hypertension that can last for some years. Other touted improvements over existing procedures have not been definitively demonstrated-selective laser trabeculoplasty being a prime example. The most recent example of newness outweighing data-driven change is the micropulse method of diode ciliodestruction, for which no studies have been published that compare it to standard diode application. In contrast, in an impressively designed and implemented study, trabeculectomy has been shown to have advantages over tube shunt surgery in a controlled, randomized clinical trial for eyes without past glaucoma surgery [36] . To be sure, improvements in glaucoma surgery are truly needed and the excitement in the many attempts shows this need. One example of such a potential would be to place an adjustable valve in a tube shunt device, capable of increasing or decreasing flow to lower undesirably high IOP or to stop hypotony due to overfiltration. A rotatable valve responsive to an external magnet would suffice. Further, such a tube shunt could have an IOP-measuring monitor attached to control the valve and at the same time to send the IOP by telemetry to software residing in physicians' offices.
Moving beyond animals
A great hope for glaucoma treatment is the development of neuroprotection treatments that supplement or even replace IOP lowering. There are multiple pathogenic pathways leading to ganglion cell death that have been shown to be amenable to modification in animal models. Those expecting to find a quick and easy method to demonstrate that animal trials can be converted to human therapy for glaucoma will be frustrated. On the other hand, neuroprotection trials for glaucoma are not impossible and are not more difficult than translational research for stroke, dementia, or Parkinson's disease [37] . Like Alzheimer's, glaucoma has a generally slow course, with variable worsening rates among patients. Unlike central nervous system diseases, it is not episodic (like stroke) and we have highly quantitative methods of monitoring progressive change (OCT and fields). Field testing is the present "gold standard" for approval by the F.D.A., and to accommodate its inter-test variability, studies of neuroprotection should recruit those who are known field takers with low variability. They need not be limited to eyes with a high risk for worsening, since recruitment speed is paramount, and generalizability is a desirable feature of any such study. Since we know that IOP lowering is beneficial, all persons in such trials will need to have IOP treatment, so the benefit of neuroprotection must be additive. Side effects must be minimal or none, as the glaucoma patient in general has no active symptoms from the disease itself until late in its course. Adherence with neuroprotection will be minimal if the treatment has noticeable side effects. As with IOP lowering, sustained delivery of a neuroprotective agent would be highly advantageous, both for minimizing treatment effects and maximizing adherence.
In summary, we have effective glaucoma diagnosis and treatment at present that can and hopefully will improve further to prevent loss of vision from the world's second leading cause of blindness and visual impairment.
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